By using a benzethonium chloride concentration 12-fold that described originally (Clin Chem 1979;25:1317-9), we developed a reliable method suitable for routine measurement of total protein in cerebrospinal fluid. Only 10 L of sample is required. Reactivity to immunoglobulin G (lgG) and to albumin (Alb) is similar, as is necessary for specimens that can have very varied lgG/Alb ratios. The assay, performed in a microtiter plate for ease of use, has a between-batch coefficient of variation of 3.4% for a protein concentration of 450 mg/L. This contrasts with a dye-binding technique with Ponceau S, for which the CV was 9% at the same concentration.
volume, and so we need a method requiring little sample. Using a 12-fold increase in benzethonium chloride concentration over that used by Iwata and Nishikaze (8), we find that only 10 jL of CSF can be used for measuring total protein simply, quickly, reliably, and robustly, with good reproducibility.
Methods and Materials
Protein standards. Calibration standards were prepared by dissolving 150 mg of human albumin (Sigma, Poole, U.K.; cat. no. A-8763) and 50mg of human gamma globulin (Sigma; cat. no. G-4386) in 100 mL of isotonic saline (NaCl, 0.85 gIL) containing 10 g of sodium azide per liter to give a stock 2000 mgIL standard for total protein. From this solution the following set of working standards was produced: 50, 100, 250, 500, 750, 1000, 1250, and 1500 mgIL.
For use in evaluating the response to different proteins, we prepared 1500 mg(L solutions of human albumin, human gamma globulin, and human transferrin (Sigma; cat. no. T-2252) in isotonic saline, then diluted to make working standards for each protein in the same concentrations as above.
Benzethonium chloride methods.
To optimize sensitivity, we tested various concentrations of the reagents in the precipitating reagent.
Final BTC (Sigma) and EDTA (BDH, Dagenham, U.K.; Analar) concentrations in the precipitating reagent were varied between 0.5 and 50 g/L and between 1 and 20 gIL, respectively. The concentration of sodium hydroxide (BDH, Analar) was kept constant at 10 g/L. Using a Boebringer "Dilutrend," we added 5 L of a 1500 mg/L total-protein standard and 195 1&Lof precipitating reagent to a microtiter plate well (Dynatech, Billingshurst, U.K.). After all additions, the plate was left at room temperature for 15 mm before the absorbance of each well was measured at 410 nm (Dynatech MR700 microtiter plate reader) after blanking the instrument with precipitating reagent.
We similarly determined the optimum sodium hydroxide concentration, varying its concentration between 1 and 50 gIL and keeping the final concentrations of BTC and EDTA constant at 5.0 g/L and 20 g/L, respectively, measuring absorbance as described above.
Using a precipitating reagent that contained 5.0 g of BTC, 20 g of EDTA, and 10 g of NaOH per liter, we evaluated the effect of sample volume: 2,5, 7, 10, and 15 L of standard was diluted to 200 L final volume with precipitating reagent, and the absorbance was measured after15 miii.
To determine the optimum length of incubation, we measured the absorbance of the turbidity produced with BTC for 50 and 1500 mg/L solutions of human albumin and human gamma globulin during 40 mm.
For precision, reactivity, and sensitivity studies, we mixed 10 L of sample with 190 pL of precipitating reagent (BTC 5.0 g/L, EDTA 20 g/L, NaOH 10 g/L). The absorbance of microtiter plate wells was measured at 410 nm after 10 mm, as before. Evaluation of methods. The BTC and Ponceau S methods were both investigated for precision, reactivity with the three major protein components of CSF, and sensitivity. We analyzed 100 CSF samples by both methods to check for method-to-method variability. All total-protein results for CSF were calculated by a computer, with use of a least squares, second-order best-fit program.
Results

Optimization of the BTC method
The optimum reagent concentrations were 5 g/L for BTC, 20 g/L for EDTA, and 10 g/L for NaOH, with 10 pL of sample. Turbidity was maximum after 8 miii. In standards with a protein concentration >1000 mg/L the absorbance then gradually declined to 80% of maximum in 40 min, owing to flocculation of the precipitated protein.
Analytical Variables
Precision. The precision proffle for both methods ( Figure  1 ) was derived from 12 replicate readings for each standard. Table 1 shows the within-batch precision for the BTC method as evaluated by assaying two different lots of pooled samples, with 24 replicate readings in one batch. The same two pools were used to calculate the betweenbatch precision for 34 consecutive assays done during three months.
Reactivity.
Figures 2 and 3 show the response to albumin, globulin, and transferrin in the two methods. Using a series of dilutions of a serum sample, we found that the response curve became flat at a 15 g/L concentration of total protein.
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Fig. 1. Precision profileforthe PonceauS (A) and BTC (B) methods
Sensitivity.
The sensitivity, calculated from calibration curves, is shown in Table 2 Samples with the same total protein concentration but various proportions of albumin, globulin, and transferrin will show a wider spread of results by the Ponceau S method than by the BTC method. These differences in reactivity of the different proteins cause one of the biggest problems in measuring total protein in CSF, namely, dociding which is the best calibrant to use. It is inappropriate to use a single protein as a standard for analyses for total protein. Also, the composition of a secondary standard, such as diluted serum, may vary between batches, making it difficult to determine exactly. For this reason, we use a mixture of purified albumin and globulin to make a primary standard for which we know, precisely, the protein composition.
The calibration line produced is slightly curved,requiring the use of a second-order curve-fit program to obtain the results. The samples with a very high total protein concentration, which will flocculate and give falsely low values, are easy to detect, because the precipitate forms in the As Table 2 shows, the BTC method is 4.4 times more sensitive than the Ponceau S method. It is seen from the regression analysis, however, that BTC shows a negative bias compared with Ponceau S. The statistical data show significant proportional bias between the two methods at the 95% confidence level. The r value of 0.8741 reflects the spread in the results, presumably attributable to the differing ratios of proteins in the samples. Again, this underlines the problem associated with measuring total proteins in CSF.
In conclusion, our modified BTC method is quick, simple, sensitive, and precise, with acceptable reactivity with albumin, globulin, and transferrin. The BTC method requires fewer manipulations than the dye-binding technique with Ponceau S, thereby reducing potential errors.Although Flachaire et al. (9) found BTC not suited to the measurement of urine protein, we found its use advantageous in measurement of total protein in CSF.
